To understand the nature of molecular aggregation between two solvents, excess properties (e.g. excess molar volume (V ), excess Gibb's free energy of activation viscous flow (∆G* E ) and viscosity deviation of binary mixtures) are therefore needed. Thus, in the current study, the refractive index (nD), viscosity (η), and density (ρ) of binary mixtures were measured for tetrahydrofurfuryl alcohol (THFA) with ethanol, 2-propanol and 2-butanol at 298.15K. Moreover and based on experimentally obtained results, the V , the refractive index deviation (∆nD), excess molar viscosity (η E ) and ∆G* E were calculated. To correct and fit the experimental V , η 
INTRODUCTION
In binary liquid solvents mixtures, the excess thermodynamic functions are the key tool for understanding the molecular interactions behavior, they were highly used in the chemical engineering industry for chemical reaction cleaning, extraction and purification 1 . Additionally, physical properties of binary mixtures are essential when heat transfer and mass transfer phenomena involved in industrial processes 2 . A considerable amount of research studying the properties of binary solvent mixtures has been published in the recent decade [3] [4] [5] [6] [7] [8] . Hydrogen bond formation, dipole-dipole, and charge transfer interactions have been suggested as the mechanisms of interactions between of solvents [9] [10] [11] . For example, Nain 3 studied the densities and volumetric properties of binary mixtures of formamide with alcohols at two temperatures and found that negative V is attributed to the formation of hydrogen bond interaction. This was confirmed by Kemeakegha 12 when studied the behavior of binary mixtures of organic solvents and amines. Moreover, ρ, η and nD measurement is expected to shed some light on both solvent-solute interactions 13 . On the other hand, and up to our knowledge, no study was done to investigate the V E , η E , ∆nD and ∆G* E at any temperature.Therefore, the objective of this research is to study excess properties including ρ, η and nD for a range of binary mixtures including (THFA+ Ethanol), (THFA+ 2-propanol) and (THFA + 2-butanol) at 298.15K. From obtained results, another parameter such as V , viscosity deviation, refractive index deviation and Gibbs free energy (excess molar) were also determined.
EXPERIMENTAL Chemicals
All solvents used in the study are of high purity (>99%) Tetrahydrofurfuryl alcohol (THFA), 2-propanol, 2-butanol ,and ethanol were purchased from Sigma-Aldrich (UK). The purities of this experiment used BINARY MIXTURES OF TETRAHYDROFURFURYL ALCOHOL S. A. Salman et al.
solvents were checked and results showed high compatibility to those in previous studies (Table-1) . Densities, viscosities, and refractive indices were listed for all solvents except THFA where no data available in the literature.
Density and Viscosity Measurements
The average ρ value of three replicates was determined with a precision of ± 10 -5
g.cm -3 using a digital density meter (Anton paar, Model DMA 60/602). For viscosity (η) measurements, a controlled temperature suspended-level ubbelohde viscometer was used under atmospheric pressure at 298.15± 0.01K. The final values represent the average of three measurements.
Refractive Index Measurements
A digital Abbe refractometer (Model:BOE 32400) was used to measure the nD values for both pure and their binary mixtures solvents. Pure toluene and double distilled water were used for refractometer calibration, at a temperature of 298.15 K. 
RESULTS AND DISCUSSION
In the current study, measured density (ρ) values were used to estimate the V of the binary mixtures following the equation (1) 26 :
Where M1, X1, and ρ1 are the molecular weight (Mwt), mole fraction, and density of the pure THFA, respectively; while M2, X2 and ρ2 are the Mwt, mole fraction and density of alcohols, ρm is the density of the binary mixtures, respectively. Table -2 
Refractive index deviation
Refractive index deviation (∆nD) was calculated using equation (2) 27 : ∆nD = nD-X1nD1-X2nD2
(2) Where nD is the refractive index of the mixture and (nD1, nD2) are pure component refractive index.
Lorentz-Lorenz equation (3,4,and 5) 28 were used to calculate (nD1, nD2 and nD) as follows: Fig-2 illustrates the relation between ∆nD against mole fraction (X1) for the THFA .
Excess molar viscosities (η E ) Excess molar viscosities (η E
) were obtained by using equation (6) 29 :
(η E ) = (ηm)-(X1η1+ X2η2) (6) Where X1, X2, η1, η2 are the mole fraction and the viscosity of the components 1 and 2; while ηm is the viscosity of the mixture, as listed in Table - 2 . The relation between the η E against mole fraction (X1) for THFA is shown in Fig-3 .
Excess molar Gibbs free energy
Excess molar Gibbs free energy (∆G *E ) of activation of viscous flow was estimated by using equation (7) 30 :
Where R is the universal constant for gases and T is the absolute temperature (K). The V1, V2 and Vm represent the molar volumes of solvent 1, solvent 2, and binary mixture solvents, respectively. Vm was obtained from equation (8) 
Where, m and n are the number of data points and the estimated parameters, respectively. The values of these coefficients and the standard deviation are given in Table- 3. The standard deviation values agreed satisfactorily with the experimental values. The obtained negative values of V , are believed to be attributable mainly to the association between THFA and alcohols compound through between the -OH groups in mono-alcohols and the -OH group in the THFA via the formation of hydrogen bonds. The strength of the associations arising from the interactions between the unlike molecules was stronger than the strength of the associations between like molecules 33 . THFA as a highly polar, an aprotic solvent has the capability of destroying the self-associated molecules of alcohols compound and orienting its molecules to interact strongly with it and forming new complexes have smaller volume. Fig.-2 is shown refractive index deviation (∆nD ) of mixtures (THFA + mono-alcohols ) against mole fraction (X1) for THFA. For ethanol-THFA and 2-propanol-THFA mixtures, over the range of mole fractions, ∆n was found to have negative values. This behavior suggests that the molecular interaction between the -OH of alcohols compound and the oxygen atom of (THFA) (non-associated molecule) is greater than the molecule interaction between ethanol and 2-propanol molecules (self-associated). This leads to destroying the selfassociated structure of alcohols compound and giving the highest negative values of ∆nD. As the count of carbon atoms increases in the alcohol chain, ∆nD becomes positive for mixture of (2-butanol-THFA), such behavior is a result of lower electronic perturbation of the molecular orbital of the mixing liquids and the enhanced structure of THFA as dipolar and aprotic solvent [34] [35] . The η These results may be related to the formation of hydrogen bonding between unlike molecules through. This study results suggest that the formation of the mixture leads to the structure of the alcohol to be broken since the (-OH) group is located at the end of the molecular chain which means the formation of hydrogen bonds with THFA is highly expected 36 . and THFA + 2-propanol due to the abolishing the self-associated structure of alcohols compound. On the other hand, the results indicate the positive deviation for THFA + 2-butanol mixture which may relate to the increase number of carbon atoms in alcohol chain. The values of V , η E and ∆G* E resulted in from this study, showed to be negative over the range of mole fractions at 298.15K.
